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(54) ESCALATOR MONITORING SYSTEM AND METHOD

(57) An escalator monitoring system comprises a da-
ta collection device (1) disposed near the parts of the
escalator that require monitoring in order to collect data
the parts relevant to the operation of the escalator, a data
transmittal device (4) used to send the collected data,
and a cloud processor (5) used to receive the data, to
compare the data against threshold data of the parts ob-
tained under normal operating conditions stored in the

database of the cloud processor (5), and to respond
based on the comparison result. The escalator monitor-
ing system can collect the data and analyze it in any
environment independent of subjective human judgment,
predict possible failure without the need to stop the op-
eration of the escalator, save maintenance time, reduce
associated cost, and thus improve its safety and comfort.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to an escalator
monitoring system, an escalator monitoring method, a
sound data collection device and a fixture used therefor,
and particularly, to an escalator monitoring system or an
escalator monitoring method that uses data collected by
a data collection device to analyze the operating condi-
tion of the escalator, a data collection device and a fixture
used therefor.

BACKGROUND OF THE INVENTION

[0002] Escalators are widely used in a variety of occa-
sions, including shopping centers, office buildings, public
facilities, and in other indoor or outdoor environments.
Its safe and steady operation requires monitoring oper-
ating conditions of relevant parts, and those operating
conditions depend heavily on the occasion in which the
escalator is running, the temperature, humidity, the
amount of dust surrounding it, as well as the passenger
traffic thereon and the frequency of use. Thus, every es-
calator is in different condition and need frequent onsite
inspection and maintenance of those relevant parts for
proper operation. This involves a great deal of work and
makes it difficult for escalator manufactures and users
to keep track of its operating condition in an organized
fashion.
[0003] To solve this issue, an escalator monitoring sys-
tem need to be improved in such a way that it allows
remote monitoring and produces raw data in connection
with the parts relevant to steady operation of the esca-
lator. In addition, the system can process and analyze
the raw data, promptly determine the operating condition
of the escalator, warn of and preempt a possible failure
independent of human interference, and provide to the
manufacture and the user of the escalator data generated
during the its operation for reference.

SUMMARY OF THE INVENTION

[0004] A purpose of the present invention is to provide
an escalator monitoring system that meets the needs de-
scribed above, a data collection device, and a fixture used
for the monitoring system, and an escalator monitoring
method.
[0005] According to a first aspect of the present inven-
tion, an escalator monitoring system is provided, com-
prising a data collection device disposed near parts of
an escalator that need to be monitored for collecting data
of the parts; a data transmittal device used to transmit
data relevant to safe operation of the escalator, a cloud
processor used to receive the data relevant to the safe
operation of the escalator, to compare it against a thresh-
old value stored therein and derived from the parts in
normal operating conditions, and to respond to compar-

ison result.
[0006] Preferably the data collection device is a sound
data collection device, a temperature collection device,
a power collection device, or a vibration collection device.
[0007] Preferably the escalator monitoring system fur-
ther comprises a local data processing device, the data
relevant to the safe operation of the escalator is data
processed by the local data processing device.
[0008] Preferably the local data processing device cal-
culates special feature value of the data as the data rel-
evant to the safe operation of the escalator.
[0009] Preferably if the comparison result is greater
than the threshold value, the local data processing device
sends out alarm signals regarding the safe operation of
the escalator or sends the comparison result to the cloud
processor.
[0010] Preferably the cloud processor receives, proc-
esses, and compares the data relevant to the safe oper-
ation of the escalator, which is the data collected by the
data collection device, against the threshold value stored
in the cloud processor and derived from the parts in nor-
mal operating conditions.
[0011] Preferably the cloud processor calculates the
special feature value of the data as the data relevant to
the safe operation of the escalator, and compares it
against the threshold value stored therein and derived
from the parts in normal operating conditions.
[0012] Preferably if the comparison result is greater
than the threshold value, the cloud processor sends out
alarm signals regarding the safe operation of the esca-
lator and triggers a customer service system or directly
communicates with maintenance personnel to conduct
lubrication maintenance.
[0013] Preferably the cloud processor includes an es-
calator database, history operation data of the escalator,
the specification of the escalator, and its maintenance
history stored therein.
[0014] Preferably the cloud processor compares the
processed data and the threshold value via means such
as statistics, analytics, artificial intelligence, and machine
learning.
[0015] Preferably the cloud processor saves the data
of the parts relevant to the safe operation of the escalator.
[0016] Preferably if the comparison result is greater
than the threshold value, the cloud processor sends out
alarm signals regarding the safe operation of the esca-
lator and triggers a customer service system or directly
communicates with maintenance personnel to conduct
lubrication maintenance.
[0017] Preferably the local data processing device is
a micro-computer or a DSP chip.
[0018] Preferably the micro-computer sends the data
to the cloud processor via a wireless network.
[0019] Preferably the data collection device is a sound
data collection device, and the local data processing de-
vice obtains through a band-pass filter sound data of the
parts relevant to the safe operation of the escalator within
range of [FL, FH], calculates root-mean-square (RMS)
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value of the data, and sends the RMS value to the cloud
processor where it is compared against a sound data
threshold value of the metal parts derived when the metal
parts operate in normal operating conditions and stored
in the database of the cloud processor.
[0020] Preferably the data collection device is a sound
data collection device disposed near the contact position
of parts, that is, a drive and a drive chain, a drive chain
and a drive chain sprocket or a step guide pad and a skirt
panel, and used to calculate the special feature value of
the data and send the special feature value to the cloud
processor to compare it against a sound data threshold
value of the metal parts derived when the parts operate
in normal operating conditions and stored in the database
of the cloud processor.
[0021] Preferably the data collection device is a sound
data collection device, and the cloud processor receives
the data sent from the data collection device, obtains
through a band-pass filter data of contacting parts rele-
vant to the safe operation of the escalator within the range
of [FL, FH], calculates the root-mean-square (RMS) value
of the data, and compares the RMS value against a sound
data threshold value of the metal parts derived when the
parts operate in normal operating conditions and stored
in the database of the cloud processor.
[0022] Preferably the data collection device is a sound
data collection device, and the cloud processor receives
the sound data sent from the data collection device, com-
putes the special feature value of the data, and compares
the special feature value against a sound data threshold
value of the parts derived when the parts operate in nor-
mal operating conditions and stored in the database of
the cloud processor.
[0023] Preferably if the sound data comes from a set
of escalators of the same location and possesses similar
sound data patterns, the local data processing device
may choose only one of the sound data for processing.
[0024] Preferably the data collection device is a tem-
perature sensor assembly used to detect ambient tem-
perature and temperature of back surface of the handrail
of an escalator when it is turned off, in idling condition,
or in full operating condition, the data transmittal device
receiving the ambient temperature and the handrail back
surface temperature from the temperature sensor as-
sembly and transferring the ambient temperature and the
handrail back surface temperature to the local data
processing device or the cloud processor in a predeter-
mined frequency, the local data processing device or the
cloud processor compares the ambient temperature with
the handrail back surface and obtains the temperature
difference between the ambient temperature and the
handrail back surface, and wherein a predetermined tem-
perature difference threshold is stored in the local data
processing device or the cloud processor and if the tem-
perature difference between the ambient temperature
and the handrail back surface temperature exceeds the
predetermined temperature difference threshold, the lo-
cal data processing device or the cloud processor will

send an alarm signal.
[0025] Preferably the data collection device is a tem-
perature sensor assembly used to detect ambient tem-
perature and the temperature of the back surface of the
handrail of an escalator in a predetermined period, the
data transmittal device sending the detected ambient
temperature and the temperature of the back surface of
the handrail to the local data processing device or the
cloud processor, which compares between the ambient
temperature and the temperature of the back surface of
handrail, and obtains a first mean value and a first vari-
ance of the temperature difference in the first predeter-
mined period of time of them.
[0026] Preferably the temperature sensor assembly
further collects ambient temperatures and temperatures
of the back surface of the handrail during another prede-
termined period of time, the data transmittal device send-
ing the detected ambient temperature and the tempera-
ture of the back surface of the handrail to the local data
processing device or the cloud processor, which com-
pares between the ambient temperature and the temper-
ature of the back surface of handrail, and obtains a sec-
ond mean value and a second variance of the tempera-
ture difference in another predetermined period of time
of them.
[0027] Preferably the local data processing device or
the cloud processor is configured to send a first alarm
signal when the difference between the first mean value
and the second mean value is k times greater than the
first variance, wherein k is an integer greater than 1 set
in the local data processing device or the cloud proces-
sor.
[0028] Preferably the local data processing device or
the cloud processor further determines relation between
the first variance and a predetermined first threshold and
relation between the second variance and a predeter-
mined second threshold and if the first variance is smaller
than the first threshold and the second variance is smaller
than the second threshold, the local data processing de-
vice or the cloud processor will send a second alarm sig-
nal.
[0029] Preferably the data collection device is a people
traffic sensor for detecting the people traffic entering the
escalator in a unit time, and an power sensor for detecting
the power consumption in a unit time, a data transferring
unit transfers the people traffic detected in a unit time
and the power consumption detected in a unit time to the
local data processing device or the cloud processor, the
local data processing device or the cloud processor de-
termines the running condition of the escalator according
to the relation between the people traffic in a unit time
and the power consumption in a unit time to determine
whether or not an alarm signal needs to be sent.
[0030] Preferably the local processing device or the
cloud processor calculates a ratio between the power
consumption in a unit time and the people traffic in a unit
time and if the ratio changes abnormally, the local
processing device or the cloud processor will send an
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alarm signal and if the ratio does not changes abnormally
but has a tendency to increase in a predetermined time
and is greater than a predetermined threshold, the local
processing device or the cloud processor will send an
alarm signal.
[0031] Preferably the escalator is in a standby running
condition, the power sensor detects an average power
in a predetermined period and if the average power is
not in a predetermined threshold range stored in the local
data processing device or the cloud processor, the local
data processing device or the cloud processor will send
an alarm signal.
[0032] Preferably the local data processing device or
the cloud processor is further configured that in a period
beyond a predetermined threshold period, if the people
traffic sensor detects that the people traffic is 0 and the
power sensor detects that the power consumption is not
matched to a set power consumption when the people
traffic is 0, the local data processing device or the cloud
processor will send an alarm signal.
[0033] Preferably the local data processing device or
the cloud processor is further configured that in a period
beyond a predetermined threshold period, if the people
traffic sensor detects that the people traffic is not 0 and
the power sensor detects that the power consumption is
a standby power output, the local data processing device
or the cloud processor will send an alarm signal.
[0034] According to a second aspect, an escalator
monitoring system is provided, comprising a sound data
collection device disposed parts of an escalator that need
to be monitored for collecting data of the parts; a local
data processing device used to process sound data lo-
cally, to transmit the sound data to a cloud processor, or
to respond to result after the sound data is locally proc-
essed.
[0035] According to a third aspect, an escalator mon-
itoring system is provided, comprising a cloud processor
used to receive sound data sent from a remote data col-
lection device disposed near parts of an escalator that
need to be monitored, to process the sound data, and to
respond to the result after the data is processed.
[0036] According to a fourth aspect, a sound data col-
lection device includes a circuit board, one or more digital
microphones, and a circuit box enclosing the circuit board
and the digital microphones, the circuit box comprising
a top wall, a bottom wall, and side walls, and at least one
of the top and bottom walls having a sound picking hole
therein.
[0037] Preferably a water-resistant membrane is ar-
ranged on the inner or outer side of the wall in which the
sound picking hole is located in order to prevent water
or humidity from entering into the digital microphones.
[0038] Preferably the digital microphones are arranged
on the inner side of the wall in which the sound picking
hole is located, below the water-resistant membrane, or
on the circuit board.
[0039] According to a fifth aspect, a fixture for the tem-
perature collection device for the escalator monitoring

system is provided, wherein the installation position of
the fixture is adjustable based on a drive mode of the
handrail.
[0040] Preferably the fixture is installed on a C-profile
component on the skirt panel of an escalator if the hand-
rail is in a friction-wheel drive mode.
[0041] Preferably the fixture comprises a bracket and
an adjustable plate, the adjustable plate being installed
on the bracket, the bracket being installed on the C-profile
component of the skirt panel, the temperature sensor as-
sembly being installed on an end of the adjustable plate
far from the C-profile component.
[0042] Preferably one of the adjustable plate and the
bracket has a first elongated hole extending along the
length direction and in that the other has an opening, a
connection device passing through the first elongated
hole and the opening to connect the adjustable plate and
the bracket and to adjust distance between the temper-
ature sensor assembly and the C-profile component
along the length direction based on alignment positions
of the opening relative to the first elongated hole along
the length direction.
[0043] Preferably the fixture is installed on a pillar of
an escalator if the handrail is in a newel-wheel drive
mode.
[0044] Preferably the fixture comprises a bracket and
an adjustable plate, the adjustable plate being installed
on the bracket, the bracket being installed on the pillar,
the temperature sensor assembly being installed on an
end of the adjustable plate far from the pillar.
[0045] Preferably one of the adjustable plate and the
bracket has a second elongated hole extending along
the width direction and in that the other has a third elon-
gated hole extending along the length direction, a con-
nection device passing through the second and third
elongated holes to connect the adjustable plate and the
bracket and to adjust distance between the temperature
sensor assembly and the pillar along the length direction
and distance between the temperature sensor assembly
and the handrail along the width direction based on align-
ment positions of the second and third elongated holes.
[0046] According to a sixth aspect, an escalator is pro-
vided comprising an escalator monitoring system as
above, a sound data collection device as above and/or
a fixture as above.
[0047] According to a seventh aspect, a monitoring
method for an escalator is provided, including the follow-
ing steps:

using a temperature sensor assembly to detect a
handrail back surface temperature when the esca-
lator is in at least one of a closed down condition, a
standby speed running condition and a full speed
running condition and ambient temperature;
using a data transferring unit to receive the ambient
temperature and the handrail back surface temper-
ature from the temperature sensor assembly and
transfer the ambient temperature and the handrail
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back surface temperature to a local data processing
device or a cloud processor in a predetermined fre-
quency;
wherein the local data processing device or the cloud
processor compares the ambient temperature with
the handrail back surface and obtains the tempera-
ture difference between the ambient temperature
and the handrail back surface, and wherein a pre-
determined temperature difference threshold is
stored in the local data processing device or the
cloud processor and if the temperature difference
between the ambient temperature and the handrail
back surface temperature exceeds the predeter-
mined temperature difference threshold, the local
data processing device or the cloud processor will
send an alarm signal.

[0048] Preferably the method further comprises: using
the local data processing device or the cloud processor
to capture the handrail back surface temperature and the
ambient temperature detected by the temperature sen-
sor assembly in a predetermined period and compare
the ambient temperature and the handrail back surface
temperature, resulting a first mean value and a first var-
iance of the temperature difference between the ambient
temperature and the handrail back surface temperature
in the predetermined period.
[0049] Preferably the method further comprises: using
the local data processing device or the cloud processor
to capture the handrail back surface temperature and the
ambient temperature detected by the temperature sen-
sor assembly in another predetermined period and com-
pare the ambient temperature and the handrail back sur-
face temperature, resulting a second mean value and a
second variance of the temperature difference between
the ambient temperature and the handrail back surface
temperature in the another predetermined period.
[0050] Preferably the local data processing device or
the cloud processor is configured that the local data
processing device or the cloud processor sends a first
alarm signal when the difference between the second
mean value and the first mean value is greater than k
times the first variance, wherein k, set in the local data
processing device or the cloud processor, is an integer
greater than 1.
[0051] Preferably the local data processing device or
the cloud processor further determines the relation be-
tween the first variance and a predetermined first thresh-
old and the relation between the second variance and a
predetermined second threshold and if the first variance
is smaller than the first threshold and the second variance
is smaller than the second threshold, the local data
processing device or the cloud processor will send a sec-
ond alarm signal.
[0052] According to an eighth aspect, a monitoring
method for an escalator is provided, comprising the fol-
lowing steps:
[0053] using a people traffic sensor to detect people

traffic entering into the escalator in a unit time; using an
power sensor to detect the power consumption in a unit
time; using a data transferring unit to transfer the people
traffic detected in a unit time and the power consumption
detected in a unit time to a local data processing device
and a cloud processor, wherein the server determines
the running condition of the escalator according to the
relation between the people traffic in a unit time and the
power consumption in a unit time to determine whether
or not an alarm signal needs to be sent.
[0054] Preferably the local data processing device or
the cloud processor calculates a ratio between the power
consumption in a unit time and the people traffic in a unit
time and if the ratio changes abnormally, the local data
processing device or the cloud processor will send an
alarm signal and if the ratio does not changes abnormally
but has a tendency to increase in a predetermined time
and is greater than a predetermined threshold, the local
data processing device or the cloud processor will send
an alarm signal.
[0055] Preferably in the case that the escalator is in a
standby running condition, the power sensor detects an
average power in a predetermined period and if the av-
erage power is not in a predetermined threshold range
stored in the local data processing device or the cloud
processor, the local data processing device or the cloud
processor will send an alarm signal.
[0056] Preferably the local data processing device or
the cloud processor is further configured that in a period
beyond a predetermined threshold period, if the people
traffic sensor detects that the people traffic is 0 and the
power sensor detects that the power consumption is not
matched to a set power consumption when the people
traffic is 0, the local data processing device or the cloud
processor will send an alarm signal.
[0057] Preferably the local data processing device or
the cloud processor is further configured that in a period
beyond a predetermined threshold period, if the people
traffic sensor detects that the people traffic is not 0 and
the power sensor detects that the power consumption is
a standby power output, the local data processing device
or the cloud processor will send an alarm signal.
[0058] An escalator monitoring system or an escalator
monitoring method according to the present invention
can collect data of an escalator and analyze it in any
environment, either indoor or outdoor or quiet or noisy,
independent of subjective human judgment. It also pre-
dicts possible failure without the need to stop the oper-
ation of the escalator, saves maintenance time and re-
duces associated cost, improving its safety and ride com-
fort.

BRIEF DESCRIPTION OF THE DRAWINGS

[0059]

FIG. 1 is a flow chart with respect to the escalator
monitoring system in accordance with the first em-
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bodiment of the present invention.
FIG. 2 is a Spectrogram function spectrograph that
exemplarily illustrates the process of denoising low-
frequency and high frequency noises with the band-
pass filter.
FIG. 3 illustrates the comparison between the calcu-
lated RMS value of the sound data and the threshold
value in the first embodiment.
FIG. 4 is a flow chart with respect to the escalator
monitoring system in accordance with the second
embodiment of the present invention.
FIG. 5 shows sound data patterns of failures of dif-
ferent types.
FIG. 6 is an illustration of the analysis flow of the
classifier 8.
FIG. 7 is a flow chart with respect to the escalator
monitoring system in accordance with the third em-
bodiment of the present invention.
FIG. 8 is a flow chart with respect to the escalator
monitoring system in accordance with the fourth em-
bodiment of the present invention.
FIG. 9 is a flow chart with respect to the escalator
monitoring system in accordance with the fifth em-
bodiment of the present invention.
FIG. 10 is a flow chart with respect to the escalator
monitoring system in accordance with the sixth em-
bodiment of the present invention.
FIG. 11 is the first embodiment of sound data collec-
tion device 1 of an escalator monitoring system used
in the various embodiments of the present invention.
FIG. 12 is the second embodiment of sound data
collection device 1 of an escalator monitoring system
used in the various embodiments of the present in-
vention.
FIG. 13 is the third embodiment of sound data col-
lection device 1 of an escalator monitoring system
used in the various embodiments of the present in-
vention.
FIG. 14 is the fourth embodiment of sound data col-
lection device 1 of an escalator monitoring system
used in the various embodiments of the present in-
vention.
FIG. 15 is a block diagram with respect to the esca-
lator monitoring system in accordance with the sev-
enth embodiment of the present invention.
FIG. 16 shows friction-wheel handrail drive mode.
FIG. 17 shows newel-wheel handrail drive mode.
FIG. 18 shows a fixture installed on the C-profile
component of the skirt panel under the friction-wheel
handrail drive mode.
FIG. 19 is an enlarged view of A of FIG. 18.
FIG. 20 is an illustration of the fixture of FIG. 18.
FIG. 21 illustrates a temperature sensor assembly
fixed on an escalator by the fixture of FIG. 18.
FIG. 22 shows a fixture installed on the pillar under
the newel-wheel handrail drive mode.
FIG. 23 is an enlarged view of B of FIG. 18.
FIG. 24 is an illustration of the fixture of FIG. 22.

FIG. 25 illustrates a temperature sensor assembly
fixed on an escalator by the fixture of FIG. 22.
FIG. 26 illustrates a flow chart in accordance with
the first embodiment of the monitoring method of the
present invention.
FIG. 27 is a block diagram with respect to the esca-
lator monitoring system in accordance with the
eighth embodiment of the present invention.
FIG. 28 illustrates the ratio of the power output per
unit time to the passenger traffic per unit time.
FIG. 29 illustrates a relationship among the real-time
monitoring device of the present invention, passen-
ger traffic, and motor power.
FIG. 30 illustrates another relationship among the
real-time monitoring device of the present invention,
passenger traffic, and motor power.
FIG. 31 illustrates a flow chart in accordance with
the second embodiment of the monitoring method
of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0060] The escalator monitoring system of the present
invention prevents failure of an escalator and provides
predictive maintenance thereto, and thus reduces labor
and cost associated with the maintenance of the esca-
lator, through a data collection device. Located at or near
the parts of the escalator in connection with its safety and
normal operating condition, the data collection device
collects data while the escalator is running, analyzes,
predicts, and determines the operating condition of the
escalator, and responses to the determined operating
condition.
[0061] The escalator monitoring system of the inven-
tion can monitor, among others, vibration of the drive
devices or parts of the escalator, lubrication condition of
the key parts of the escalator that are in contact with each
other, temperature of the key parts of the escalator, and
motor power of the escalator with respect to varying pas-
senger traffic. The drive devices or parts of which vibra-
tion need to be monitored include gearboxes and steps.
The gearboxes and steps in normal and abnormal oper-
ating conditions vibrate differently, and the vibration data
reflecting the vibration difference can be used to analyze,
predict, and determine the operating condition of the es-
calator, and thus to provide predictive maintenance. The
parts between which the lubrication condition need to be
monitored include a drive and a drive chain, the drive
chain and a drive chain sprockets, and step guide pads
and skirt panels. These parts are metal and move relative
to each other. Where the lubrication therebetween is suf-
ficient, these metal parts move smoothly and generates
uniform yet soft sound. But when the lubrication runs low
or when the parts become rust or dusty, the movement
would be less smooth while generating a penetrating
noise. Thus, sound data collected from therebetween can
be used to monitor the adequacy of the lubrication, and

9 10 



EP 3 981 725 A1

7

5

10

15

20

25

30

35

40

45

50

55

thus to provide predictive maintenance by analyzing, pre-
dicting, and determining the operating condition of the
escalator. Temperature gauges may be arranged at the
key parts of the escalator to monitor their temperature
changes, which in turn help to analyze, predict, and de-
termine the operating condition of the escalator, and thus
to provide predictive maintenance. The key parts include
but are not limited to handrails. The handrails operate
normally when their temperature changes in a normal
range; otherwise, they might be malfunctioning. Passen-
ger traffic impacts the normal operation of the escalator.
High passenger traffic beyond the capacity of the esca-
lator can cause a safety issue. And the passenger traffic
can be evaluated based on the motor power of the es-
calator. Thus, the motor power can be used to analyze,
predict, and determine the operating condition of the es-
calator, and thus to provide predictive maintenance.
[0062] The present invention is further described in de-
tail in the embodiments below.
[0063] FIG. 1 is a flow chart with respect to the esca-
lator monitoring system in accordance with the first em-
bodiment.
[0064] In the first embodiment of the present invention,
the escalator monitoring device monitors the lubrication
condition of an escalator. It uses a data collection device
to collect data about the sound generated by the metal
parts, to analyze the sound data, and to determine wheth-
er the lubrication condition is normal. The data collection
device is generally a digital microphone module. It is po-
sitioned near contact position between a drive and a drive
chain, contact position between the drive chain sprocket
and the drive chain of an escalator, or contact position
between the skirt panel and the step guide pad under the
step front cover, or, if need be, at the position on the truss
of an escalator near the contact position between the
drive chain and the motor, or any position near parts that
are in contact and thus require monitoring. The micro-
phone module may use ordinary microphones commonly
used in a cellphone, or ultrasonic microphones. It can
record sound waves and support playback function. The
digital microphone module continuously collects sound
data and saves sound documents, which documents can
replay as needed.
[0065] In FIG. 1, sound data collection device 1 collects
sound data at a contact position between a drive and a
drive chain, at a contact position between the drive chain
sprocket and the drive chain of the gearbox of an esca-
lator, or at a contact position between the skirt panel and
the step guide pad under the step front cover. A sound
document containing the sound data is saved at local
data processing device 2 of local device 6, and processed
through band-pass filter 3. The document is then sent
via sound data transmittal device 4 to cloud processor 5.
[0066] At the band-pass filter 3, the sound data is de-
noised so that sound data within certain frequency range
[FL to FH] is obtained. Usually, FL is about 1000-5000Hz,
and FH is above 10000Hz, because sound data within
that range is highly likely relevant to noises produced by

friction between metals. This process can be done with
Spectrogram function spectrograph.
[0067] FIG. 2 is a Spectrogram function spectrograph
that exemplarily illustrates the process of denoising low-
frequency and high frequency noises with the band-pass
filter. FIG. 2(a) shows sound signals generated by con-
tact between a normal chain without rust and a chain
sprocket, which mainly focus on low-frequency range.
FIG. 2(b) shows sound signals generated by contact be-
tween a rusty chain and a chain sprocket, which mainly
are a mix of low-frequency noises and high-frequency
peaks. FIG. 2(c) shows a sound pattern separated after
applying the band-pass filter with frequency range of
[5000, 15000] and retaining only those relevant to the
extent of rust existed on the chain.
[0068] The next step is to calculate Key Performance
Index (KPI) of the filtered sound data. The KPI relevant
to the noise generated by contact between metal com-
ponents may be root-mean-square (RMS) value of the
sound data. In this embodiment, a RMS value is used to
calculate the peak value of the filtered sound data.
[0069] The RMS value is sent to the cloud processor
5 via the sound data transmittal device 4. At the cloud
processor 5, a comparison is made between the RMS
value a predetermined threshold value. If the RMS is
higher, the cloud processor responses by sending alarm
signals to customer service center, or by direct commu-
nicating with maintenance personnel to conduct lubrica-
tion maintenance. The comparison is exemplarily illus-
trated in FIG. 3.
[0070] The predetermined threshold value may be ob-
tained by testing under various lubrication conditions, or
by other kinds of experiments.
[0071] FIG. 4 is a flow chart with respect to the esca-
lator monitoring system in accordance with the second
embodiment.
[0072] In the second embodiment, data collection de-
vice 1 collects sound data at the contact position between
the drive and the drive chain, at the contact position be-
tween the drive chain sprocket and the drive chain of the
gearbox of an escalator, or at the contact position be-
tween the skirt panel and the step guide pad under the
step front cover. A sound document containing the sound
data is saved at local data processing device 2 of local
device 6. The local data processing device 2 calculates
the special feature value of the sound data, which is then
sent via sound data transmittal device 4 to cloud proces-
sor 5.
[0073] FIG. 5 shows comparisons between sound data
of different failure types. FIG. 5(a) shows a sound data
pattern produced when step misalignment occurs, FIG.
5(b) shows that produced by rusty drive chains, and FIG.
5(c) shows a sound data pattern when an escalator is in
normal operating condition. Apparently, different types
of failure sound data have different patterns and, thus,
different special feature values.
[0074] In this embodiment, the local data processing
device 2 calculates the special feature value of sound
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data. The special feature value may be zero crossing
rate, energy, entropy of energy, spectral centroid, spec-
tral spread, spectral entropy, spectral flux, spectral rolloff,
MFCC, chroma vector or chroma deviation.
[0075] The calculated special feature value then is sent
to the cloud processor 5 via the data transmittal device
4. At the cloud processor 5, classifier 8 is trained with
history or saved sound data of different failure types. The
classifier 8 employs neural network algorithm and adjusts
special feature vectors to better represent special feature
values of different failure types.
[0076] FIG. 6 is an illustration of the analysis flow of
the classifier 8. The classifier 8 sends the calculated spe-
cial feature values it received to three neurons. Each neu-
ron analyzes and calculates for each type of failure and
outputs predicted confidence interval for each type of fail-
ure and result based on the confidence interval, the result
indicating whether the type of failure is going to happen.
[0077] FIG. 7 is a flow chart with respect to the esca-
lator monitoring system in accordance with the third em-
bodiment.
[0078] In the third embodiment, data collection device
1 collects sound data at the contact position between the
drive and the drive chain of an escalator, at the contact
position between the drive chain sprocket and the drive
chain of an escalator, or at the contact position between
the skirt panel and the step guide pad under the step
front cover. A sound document containing the sound data
is sent via sound data transmittal device 4 to cloud proc-
essor 5. At the cloud processor 5, the sound data is de-
noised by bass-pass filter 3 so that sound data within
certain frequency range [FL to FH] is obtained. Usually,
FL is about 1000-5000Hz, and FH is above 10000Hz.
Then the cloud processor 5 calculates Key Performance
Index (KPI) of the filtered sound data. The KPI relevant
to the noise generated by contact between metal com-
ponents may be root-mean-square (RMS) value of the
sound data. In this embodiment, a RMS value is used to
calculate the peak value of the filtered sound data. The
cloud processor 5 then compares the RMS value against
a predetermined threshold value. If the RMS is higher,
the cloud processor responses by sending alarm signals
to customer service center, or by direct communicating
with maintenance personnel to conduct lubrication main-
tenance. The comparison is exemplarily illustrated in
FIG. 3. The predetermined threshold value may be ob-
tained by testing under various lubrication conditions, or
by other kinds of experiments.
[0079] FIG. 8 is a flow chart with respect to the esca-
lator monitoring system in accordance with the fourth em-
bodiment.
[0080] In the fourth embodiment, data collection device
1 is a sound date collection device, which collects sound
data at the contact position between the drive and the
drive chain, at the contact position between the drive
chain sprocket and the drive chain of the gearbox of an
escalator, or at the contact position between the skirt
panel and the step guide pad under the step front cover.

A sound document containing the sound data is sent via
sound data transmittal device 4 to cloud processor 5. At
the cloud processor 5, special features value of the sound
data is calculated. Classifier 8 is trained with history or
saved sound data of different failure types. The classifier
8 employs neural network algorithm and adjusts special
feature vectors to better represent special feature values
of different failure types.
[0081] In this embodiment, the cloud processor 5 cal-
culates the special feature values of sound data of dif-
ferent types. The special feature value may be zero
crossing rate, energy, entropy of energy, spectral cen-
troid, spectral spread, spectral entropy, spectral flux,
spectral rolloff, MFCC, chroma vector or chroma devia-
tion.
[0082] FIG. 5 shows comparisons between sound data
of different failure types. FIG. 5(a) shows a sound data
pattern produced when step misalignment occurs, FIG.
5(b) shows that produced by rusty drive chains, and FIG.
5(c) shows a sound data pattern when an escalator is in
normal operating condition. Apparently, different types
of failure sound data have different patterns and, thus,
different special feature values.
[0083] FIG. 6 is an illustration of the analysis flow of
the classifier 8. The classifier 8 sends the calculated spe-
cial feature values it received to three neurons. Each neu-
ron analyzes and calculates for each type of failure and
outputs predicted confidence interval for each type of fail-
ure and result based on the confidence interval.
[0084] The third and fourth embodiments differ mainly
from the first and second embodiments in that data
processing at the local device 6 in the first and second
embodiments takes place at the cloud processor 5 in the
third and fourth embodiments. Nonetheless, this may in-
crease cost associated with data transmittal from the lo-
cal device 6 to the cloud processor 5.
[0085] FIG. 9 is a flow chart with respect to the esca-
lator monitoring system in accordance with the fifth em-
bodiment.
[0086] In the fifth embodiment, sound data collection
device 1 collects sound data at the contact position be-
tween the drive and the drive chain, at the contact position
between the drive chain sprocket and the drive chain of
the gearbox of an escalator, or at the contact position
between the skirt panel and the step guide pad under the
step front cover. A sound document containing the sound
data is denoised by band-pass filter 3, so that sound data
within certain frequency range [FL to FH] is obtained. Usu-
ally, FL is about 1000-5000Hz, and FH is above 10000Hz.
Then local data processing device 2 calculates Key Per-
formance Index (KPI) of the filtered sound data. The KPI
relevant to the noise generated by contact between metal
components may be root-mean-square (RMS) value of
the sound data. In this embodiment, a RMS value is used
to calculate the peak value of the filtered sound data. In
this embodiment, the local data processing device 2 fur-
ther compares the RMS value against a predetermined
threshold value. The comparison process is exemplarily
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illustrated in FIG. 3. If the RMS is higher, the local data
processing device 2 sends response 7, the response 7
may be alarm signals. The alarm signals are sent to cus-
tomer service center, or directly communicated with
maintenance personnel to conduct lubrication mainte-
nance. The local data processing device 2 may also send
the RMS value to a cloud processor only. The predeter-
mined threshold value may be obtained by testing under
various lubrication conditions, or by other kinds of exper-
iments.
[0087] FIG. 10 is a flow chart with respect to the esca-
lator monitoring system in accordance with the sixth em-
bodiment.
[0088] In the sixth embodiment, sound data collection
device 1 collects sound data at the contact position be-
tween the drive and the drive chain, at the contact position
between the drive chain sprocket and the drive chain of
the gearbox of an escalator, or at the contact position
between the skirt panel and the step guide pad under the
step front cover. Local data processing device 2 at local
6 directly calculates special feature value of the sound
data. Classifier 8 is then trained with history or saved
sound data of different failure types. The classifier 8 em-
ploys neural network algorithm and adjusts special fea-
ture vectors to better represent special feature values of
different failure types. In this embodiment, the special
feature value may be zero crossing rate, energy, entropy
of energy, spectral centroid, spectral spread, spectral en-
tropy, spectral flux, spectral rolloff, MFCC, chroma vector
or chroma deviation.
[0089] FIG. 5 shows comparisons between sound data
of different failure types. FIG. 5(a) shows a sound data
pattern produced when step misalignment occurs, FIG.
5(b) shows a sound data pattern produced by rusty drive
chains, and FIG. 5(c) shows a sound data pattern when
an escalator is in normal operating condition. Apparently,
different types of failure sound data have different pat-
terns and, thus, different special feature values.
[0090] FIG. 6 is an illustration of the analysis flow of
the classifier 8. The classifier 8 sends the calculated spe-
cial feature values it received to three neurons. Each neu-
ron analyzes and calculates for each type of failure and
outputs predicted confidence interval for each type of fail-
ure and result based on the confidence interval. The local
data processing device may respond to the result. The
response may be alarm signals. The alarm signals may
be sent to customer service center, or be directly com-
municated with maintenance personnel to conduct lubri-
cation maintenance. It is also possible to send the result
directly to a cloud processor.
[0091] An escalator monitoring system according to
the present invention can collect data of an escalator and
analyze it in any environment, either indoor or outdoor
or quiet or noisy, independent of subjective human judg-
ment. It also predicts possible failure without the need to
stop the operation of the escalator, saves maintenance
time and reduces associated cost, improving its safety
and ride comfort.

[0092] FIG. 11 is the first embodiment of sound data
collection device 1 of an escalator monitoring system
used in the various embodiments of the present inven-
tion. In this embodiment, the sound data collecting device
1 comprises a sensor circuit box 11. The sensor circuit
box 11 comprises a top wall 12, a bottom wall 13, and
side walls 14. A sound picking hole 15 is disposed in the
top wall 12, the hole 15 being a through hole. The sound
data collection device 1 further comprises a sound sensor
16 disposed within the cavity. The sound sensor 16 rests
over the bottom wall 13 of the sensor circuit box by means
of support 17. A water-resistant membrane 18 is ar-
ranged at the opening of the sound picking hole facing
the cavity and above the sound sensor 16. The water-
resistant membrane prevents water or humidity from en-
tering into the sound data collection device 1, and pos-
sesses good sound transmission capability.
[0093] FIG. 12 is a second embodiment of sound data
collection device 1 of an escalator monitoring system
used in the various embodiments of the present inven-
tion. It differs from the first embodiment in that the sound
sensor 16 directly attaches to the top wall 12 of the sensor
circuit box 11 at a position below the sound picking hole
15 and the water-resistant membrane 18.
[0094] FIG. 13 is a third embodiment of sound data
collection device 1 of an escalator monitoring system
used in the various embodiments of the present inven-
tion. It differs from the first embodiment in that the sound
data collection device 1 is configured as a double-side-
used sound data collection device. Its sensor circuit box
11 has two through-hole type sound picking holes 15 and
19 in the top 12 and the bottom 13, respectively, and two
sound sensors 16 and 20. The sound sensors rest over
the top wall 12 and the bottom wall 13 by means of sup-
ports 17 and 21, respectively. Each sound picking hole
15, 19 has a water-resistant membrane 18, 22 attached
thereto at the opening facing the cavity.
[0095] FIG. 14 is the fourth embodiment of sound data
collection device 1 of an escalator monitoring system
used in the various embodiments of the present inven-
tion. It differs from the second embodiment in that the
sound data collection device 1 is configured as a double-
side-used sound data collection device. Its sensor circuit
box 11 has two through-hole type sound picking holes
15 and 19 in the top wall 12 and the bottom wall 13,
respectively, and two sound sensors 16 and 20. Each
sound sensor directly attaches to the top wall 12 and the
bottom wall 13. Each sound picking hole 15, 19 has a
water-resistant membrane 18, 22 attached thereto at the
opening facing the cavity. Each water-resistant mem-
brane 18, 22 is located between the opening of the sound
picking hole 15, 19 facing the cavity and the sound sensor
that is attached to the corresponding opening.
[0096] With reference to FIGS. 15-17, a flow chart of
the sixth embodiment with respect to an escalator mon-
itoring system in accordance with the present invention
is explained in detail. This embodiment relates to moni-
toring of temperature of a handrail of an escalator.
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[0097] FIG. 15 illustrates the block diagram of the es-
calator monitoring system according to the present in-
vention. The monitoring system 100 comprises temper-
ature sensor assembly 110, data transmittal unit 4, and
a server 140. The temperature sensor assembly 110 is
used to detect ambient temperature and the temperature
of the handrail of an escalator when it is turned off, in
idling condition, or in full operating condition. A back sur-
face of the handrail is the surface which directly contact
in friction with metal of a friction wheel, a bearing and a
guide wheel or guide block of the handrail and a curve
section. For example, the temperature sensor assembly
110 includes a handrail temperature sensor used to de-
tect the temperature of the back surface of the handrail
and an ambient temperature sensor used to detect the
ambient temperature. In general, when the escalator is
turned off, the ambient temperature is the same as the
temperature of the handrail. Thus, the technical person-
nel who need to know the operating condition of an es-
calator concern more about the temperature of the back
surface of the handrail and the ambient temperature
when the escalator runs in idling and full operating con-
ditions. In this embodiment, the temperature sensor as-
sembly 110 detects the ambient temperature and the
temperature of the back surface of the handrail when the
escalator is in full operating condition. The processor 120
collects the ambient temperature and the temperature of
the back surface of the handrail detected by the temper-
ature sensor assembly, either in wireless manner (e.g.,
radio frequency, Bluetooth, zigbee) or in wired manner,
and transmits the ambient temperature and the temper-
ature of the back surface of the handrail to the server 130
at a predetermined frequency (for example, once per one
minute).
[0098] The server 130 compares the ambient temper-
ature with the handrail back surface and obtains a tem-
perature difference between the ambient temperature
and the handrail back surface, and a predetermined tem-
perature difference threshold is stored in the server, and
if the temperature difference between the ambient tem-
perature and the handrail back surface temperature ex-
ceeds the predetermined temperature difference thresh-
old, the server will send an alarm signal.
[0099] Specifically, the server collects the ambient
temperatures and the temperatures of the back surface
of the handrail detected by the temperature sensor as-
sembly 110 during a pre-determined period of time t1,
and compares the ambient temperatures and the tem-
peratures of the handrail, to obtain a first average value
M1 and a first variance oiof the temperature differences
of the ambient temperatures and the temperatures of the
back surface of the handrail in the pre-determined period.
In addition, the server captures the temperature of the
back surface of the handrail and the ambient temperature
detected by the temperature sensor assembly in another
predetermined period t2 and compare the ambient tem-
perature and the handrail back surface temperature, ob-
tains a second mean value M2 and a second variance σ2

of the temperature difference between the ambient tem-
perature and the temperature of the back surface of the
handrail in this another predetermined period.
[0100] In the next, the server compares the first mean
value and the second mean value, and sends a first alarm
signal when a difference between the second mean value
and the first mean value is k times greater than the first
variance (M2>M1+kσ1) , wherein k, set in the server, is
an integer greater than 1.
[0101] Furthermore, the server determines relation be-
tween the first variance σ1 and a predetermined first
threshold T1 and the relation between the second vari-
ance σ2 and a predetermined second threshold T2 and
if the first variance is smaller than the first threshold and
the second variance is smaller than the second threshold,

that is, σ1< T1  σ2<T2, the local data processing de-
vice or the cloud processor will send a second alarm sig-
nal. Comparing with the first alarm signal, the second
alarm signal is more accurate.
[0102] FIGS. 16 and 17 illustrate an escalator in fric-
tional-wheel handrail drive mode and newel-wheel hand-
rail drive mode, respectively. In Fig. 16, a friction wheel
101 and the handrail 102 are shown. In Fig. 17, a newel
wheel 103 is shown. In these two different handrail drive
modes, handrails move along different directions. Be-
cause a position to which a fixture for the temperature
sensor assembly installs turns on a moving direction of
the handrail, installation of the fixture presents different
situations in the two handrail drive modes, which are in-
troduced in detail below.
[0103] FIGS. 18-21 demonstrate that the fixture 104 is
installed on a C-profile component of the skirt panel in
the frictional-wheel handrail drive mode. As shown in
FIGS. 19-20, the fixture 104 is installed near the friction
wheel and on the C-profile component of the skirt panel.
The fixture comprises a bracket 41 and an adjustable
plate 42. The adjustable plate 42 is installed on the brack-
et through connection means such as bolts and nuts. The
bracket 41 is installed on the C-profile component of the
skirt panel through bolts and nuts. The temperature sen-
sor assembly 43 is installed on the end of the adjustable
plate 42 far away from the C-profile component.
[0104] One of the adjustable plate 42 and the bracket
41 has a first elongated hole extending along the length
direction, and the other has an opening. Bolts may pass
through the first elongated hole and the opening, thereby
connect the adjustable plate and the bracket, and adjust
distance A between the temperature sensor assembly
and the C-profile component along the length direction
based on the alignment positions of the opening relative
to the first elongated hole along the length direction. Thus
a handrail center distance L can be changed so as to
adapt to different types of escalators.
[0105] FIGS. 22-25 demonstrate that the fixture 40 is
installed on a pillar in the newel-wheel handrail drive
mode. As shown in FIGS. 22-23, the fixture is installed
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on the pillar. The fixture 40 comprises a bracket 41 and
an adjustable plate 42. The adjustable plate 42 is installed
on the bracket through connection means such as bolts
and nuts. The bracket 41 is installed on the pillar through
bolts and nuts. The temperature sensor assembly 43 is
installed on the end of the adjustable plate far away from
the pillar.
[0106] One of the adjustable plate and the bracket has
a second elongated hole 44 extending along the width
direction perpendicular to the length direction, and the
other has a third elongated hole 45 extending along the
length direction. Bolts may pass through the second and
third elongated holes, and thus connect the adjustable
plate and the bracket. They also adjust the distance be-
tween the temperature sensor assembly and the pillar
along the length direction (handrail center distance L)
and the distance between the temperature sensor as-
sembly and the handrail along the width direction W,
based on the alignment positions of the second and third
elongated holes.
[0107] FIG. 26 illustrates a flow chart in accordance
with the first embodiment of the monitoring method of the
present invention. At step 100’, the temperature sensor
assembly is used to detect ambient temperature and the
temperature of the handrail of an escalator when it is
turned off, in idling condition, or in full operating condition.
At step 200’, a data transferring unit is used to receive
the ambient temperature and the temperature of the back
surface of the handrail from the temperature sensor as-
sembly and transfer the ambient temperature and the
handrail back surface temperature to a local data
processing device or a cloud processor in a predeter-
mined frequency. At step 300’, the server compares the
ambient temperature with the handrail back surface and
obtains the temperature difference between the ambient
temperature and the handrail back surface, and a pre-
determined temperature difference threshold is stored in
the local data processing device or the cloud processor.
If the temperature difference between the ambient tem-
perature and the temperature of the back surface of the
handrail back surface exceeds the predetermined tem-
perature difference threshold, the server will send an
alarm signal.
[0108] At step 300’, the server further captures the tem-
perature of the back surface of the handrail and the am-
bient temperature detected by the temperature sensor
assembly in a predetermined period and compare the
ambient temperature and the temperature of the back
surface of the handrail, obtains a first mean value and a
first variance of the temperature difference between the
ambient temperature and the temperature of the back
surface of the handrail in the predetermined period.
[0109] At the step 300’, the server further captures the
temperature of the back surface of the handrail and the
ambient temperature detected by the temperature sen-
sor assembly in another predetermined period and com-
pares the ambient temperature and the temperature of
the back surface of the handrail, and obtains a second

mean value and a second variance of the temperature
difference between the ambient temperature and the
temperature of the back surface of the handrail in this
another predetermined period.
[0110] At the step 300’, the server is configured that
the server sends a first alarm signal when the difference
between the second mean value and the first mean value
is k times greater than the first variance, wherein k, set
in the server, is an integer greater than 1.
[0111] At the step 300’, the server is further configured
the server determines relation between the first variance
and a predetermined first threshold and relation between
the second variance and a predetermined second thresh-
old, and if the first variance is smaller than the first thresh-
old and the second variance is smaller than the second
threshold, the server will send a second alarm signal.
[0112] The escalator monitoring system allows real-
time monitoring of the operating condition of the hand-
rails. Possible issues can be known in advance, and thus
a safer escalator is provided. Furthermore, the real-time
monitoring device applies to different installation circum-
stances of an escalator, and the fixture for the tempera-
ture sensor assembly is adjustable. The installation po-
sition of the fixture can be adjusted in light of different
installation dimensions of various types of escalators.
[0113] With respect to FIGS. 27-31, a flow chart with
respect to the eighth embodiment of the escalator mon-
itoring system in accordance with the present invention
is described in detail. The embodiment relates to moni-
toring of passenger traffic of the escalator monitoring in
accordance with the present invention.
[0114] FIG. 27 is a block diagram of the escalator mon-
itoring system in accordance with the present invention.
The monitoring system 100 comprises passenger traffic
sensor 211, motor power sensor 212, data transmittal
unit 4, and server 130. The passenger traffic sensor 211
is means installed at the entrance of an escalator for emit-
ting light beams in opposing directions, and the frequency
of the light beams being interrupted reflects the passen-
ger traffic entering onto the escalator. The motor power
sensor 212 is so configured as to detect motor power
consumption per unit time. The data transmittal unit 4
collects the passenger traffic and the motor power con-
sumption per unit time, and transmits them to the server
130 by ways such as 2G, 3G, or 4G. The server 130
calculates the ratio (KPI) of the passenger traffic per unit
time to the motor power consumption per unit time, and
compares the ratio against a pre-determined ratio stored
in the server 130. If the ratio KPI shows abnormal chang-
es as compared with the pre-determined ratio, the server
predicts the time when the predicted failure will occur and
sends out predictive maintenance signals. For example,
the numeral "2" shown in FIG. 28 illustrates that the ratio
of the passenger traffic per unit time to the motor power
per unit time increases suddenly, which indicates that
the passenger traffic at that time is not comparable to the
motor power consumption and that the escalator is mal-
functioning. Persons in the art will appreciate that the
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passenger traffic per unit time is a ratio of whole passen-
ger traffic in a period of time and the time, and the whole
passenger traffic in the time should not be too small.
[0115] FIGS. 29 and 30 show two incomparable rela-
tionships between the passenger traffic per unit time and
the motor power consumption per unit time, respectively.
FIG. 29 illustrates that if the passenger traffic sensor de-
tects no traffic yet the motor power consumption detected
by the power sensor is incomparable to a predetermined
power consumption under the situation that there is no
passenger traffic, the escalator is considered as malfunc-
tioning and the server sends out an alarm signal. FIG.
30 illustrates that if the passenger traffic sensor detects
at least some traffic yet the motor power consumption is
operating under idling condition during a period of time
beyond a pre-determined threshold value, the escalator
may suddenly speed up, causing passenger falling down
and suffering an injury, and the server sends out alarm
signals.
[0116] In addition, when there is no passenger traffic,
the power sensor detects a mean power consumption in
a predetermined period of time. A predetermined thresh-
old range is stored in the server. If the mean power con-
sumption falls into the predetermined threshold range
stored in the server, the server sends out an alarm signal.
[0117] FIG. 31 illustrates a flow chart of the second
embodiment of the monitoring method of an escalator in
accordance with the present invention.
[0118] At step 2100, a passenger traffic sensor is used
to detect the passenger traffic entering onto an escalator
per unit time. At step 2200, a power sensor is used to
detect the motor power consumption per unit time. At
step 2300, a data transferring unit is used to transfer the
people traffic detected in a unit time and the power con-
sumption detected in a unit time to a server. At step 2400,
the server determines the running condition of the esca-
lator according to relation between the people traffic in a
unit time and the power consumption in a unit time to
determine whether or not an alarm signal needs to be
sent.
[0119] In addition, at step 2400, the server further cal-
culates a ratio between the power consumption in a unit
time and the people traffic in a unit time and if the ratio
abnormally changes, the server will send an alarm signal
and if the ratio does not abnormally changes but has a
tendency to increase in a predetermined time and goes
beyond a predetermined threshold, the server will send
an alarm signal.
[0120] In addition, in the case that the escalator is in a
standby running condition, at the step 2200, the power
sensor detects an average power in a predetermined pe-
riod, and at the step 2400, if the average power does not
fall in a predetermined threshold range stored in the serv-
er, the server will send an alarm signal.
[0121] At step 2400, the server is further configured
that in a period beyond a predetermined threshold period,
if the people traffic sensor detects that the people traffic
is 0 and the power sensor detects that the power con-

sumption is not comparable to a set power consumption
when the people traffic is 0, the server will send an alarm
signal.
[0122] At step 2400, the server is further configured
that in a period beyond a predetermined threshold period,
if the people traffic sensor detects that the people traffic
is not 0 and the power sensor detects that the power
consumption is a standby power output, the server will
send an alarm signal.
[0123] The real-time monitoring device according to
the present invention allows real-time monitoring of the
relationship between passenger traffic and power output
and is informed of the operating condition of an escalator,
thus improving the maintenance of the escalator, amel-
iorating its energy consumption, and making it safer.
[0124] The server mentioned in the specification may
be a local server along with the data collection device,
or a cloud processor capable of remote monitoring. All
data may be processed at the local processor only, or at
the cloud processor only, or, as explained in an embod-
iment above, at the local processor for some of work and
then at the cloud processor for the rest. The present in-
vention incorporates herein various embodiments based
on these conceptions and is not limited to those embod-
iments described above.
[0125] It is intended that the abovementioned embod-
iments are exemplary only and shall not be considered
as limitations of the present invention. The features in
various embodiments may be combined to implement
more embodiments of the invention, of which the scope
is only determined by the appended claims. A variety of
modifications and alterations may be made to the de-
scribed embodiments without departing the scope of the
invention.

Claims

1. An escalator monitoring system, comprising a data
collection device (1) disposed near parts of an es-
calator that need to be monitored for collecting data
of the parts; a data transmittal device (4) used to
transmit data relevant to safe operation of the esca-
lator; a local data processing device (2) or cloud proc-
essors (5) used to receive the data relevant to the
safe operation of the escalator, to compare it against
a threshold value stored therein and derived from
the parts in normal operating conditions, and to re-
spond to comparison result,
characterized in that the data collection device (1)
is a people traffic sensor for detecting the people
traffic entering the escalator in a unit time, and an
power sensor for detecting the power consumption
in a unit time, a data transferring unit transfers the
people traffic detected in a unit time and the power
consumption detected in a unit time to the local data
processing device (2) (2) or the cloud processors
(5), the local data processing device (2) or the cloud
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processors (5) determines the running condition of
the escalator according to the relation between the
people traffic in a unit time and the power consump-
tion in a unit time to determine whether or not an
alarm signal needs to be sent.

2. The escalator monitoring system according to claim
1, wherein the local processing device or the cloud
processors (5) calculates a ratio between the power
consumption in a unit time and the people traffic in
a unit time and if the ratio changes abnormally, the
local processing device or the cloud processors (5)
will send an alarm signal and if the ratio does not
changes abnormally but has a tendency to increase
in a predetermined time and is greater than a pre-
determined threshold, the local processing device or
the cloud processors (5) will send an alarm signal.

3. The escalator monitoring system according to claim
2, wherein the escalator is in a standby running con-
dition, the power sensor detects an average power
in a predetermined period and if the average power
is not in a predetermined threshold range stored in
the local data processing device (2) or the cloud proc-
essors (5), the local data processing device (2) or
the cloud processors (5) will send an alarm signal.

4. The escalator monitoring system according to claim
1, wherein the local data processing device (2) or
the cloud processors (5) is further configured that in
a period beyond a predetermined threshold period,
if the people traffic sensor detects that the people
traffic is 0 and the power sensor detects that the pow-
er consumption is not matched to a set power con-
sumption when the people traffic is 0, the local data
processing device (2) or the cloud processors (5) will
send an alarm signal.

5. The escalator monitoring system according to claim
1, wherein the local data processing device (2) or
the cloud processors (5) is further configured that in
a period beyond a predetermined threshold period,
if the people traffic sensor detects that the people
traffic is not 0 and the power sensor detects that the
power consumption is a standby power output, the
local data processing device (2) or the cloud proc-
essors (5) will send an alarm signal.

6. A monitoring method for an escalator, comprising
the following steps: using a people traffic sensor to
detect people traffic entering into the escalator in a
unit time; using an power sensor to detect the power
consumption in a unit time; using a data transferring
unit to transfer the people traffic detected in a unit
time and the power consumption detected in a unit
time to a local data processing device (2) and a cloud
processors (5), wherein the server determines the
running condition of the escalator according to the

relation between the people traffic in a unit time and
the power consumption in a unit time to determine
whether or not an alarm signal needs to be sent.

7. The method according to claim 6, wherein the local
data processing device (2) or the cloud processors
(5) calculates a ratio between the power consump-
tion in a unit time and the people traffic in a unit time
and if the ratio changes abnormally, the local data
processing device (2) or the cloud processors (5) will
send an alarm signal and if the ratio does not chang-
es abnormally but has a tendency to increase in a
predetermined time and is greater than a predeter-
mined threshold, the local data processing device
(2) or the cloud processors (5) will send an alarm
signal.

8. The method according to claim 7, wherein in the case
that the escalator is in a standby running condition,
the power sensor detects an average power in a pre-
determined period and if the average power is not in
a predetermined threshold range stored in the local
data processing device (2) or the cloud processors
(5), the local data processing device (2) or the cloud
processors (5) will send an alarm signal.

9. The method according to claim 8, wherein the local
data processing device (2) or the cloud processors
(5) is further configured that in a period beyond a
predetermined threshold period, if the people traffic
sensor detects that the people traffic is 0 and the
power sensor detects that the power consumption
is not matched to a set power consumption when the
people traffic is 0, the local data processing device
(2) or the cloud processors (5) will send an alarm
signal.

10. The method according to claim 8, wherein the local
data processing device (2) or the cloud processors
(5) is further configured that in a period beyond a
predetermined threshold period, if the people traffic
sensor detects that the people traffic is not 0 and the
power sensor detects that the power consumption
is a standby power output, the local data processing
device (2) or the cloud processors (5) will send an
alarm signal.
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